, seed oil %,seed protein % and plant pigments in relative to the control treatment.
Introduction
Sunflower (Helianthus annuusL.) is an important oil seed crop which ranks fourth after palm oil , soybean and canola along with other oil seed crops like (peanut and cotton seeds) which contributes as edible oils in the world (FAS-USDA, 2017) . Sunflower seeds contain a high amount of oil (40 to 45%) which is an important source of the mono and polyunsaturated fatty acid (oleic, linoleic and linolenic acids) of potential health benefits (Lopez et al..,2000; Leon et al., 2003 and Monotti, 2004) .
Fertilization needs to be used in moderate levels in order to avoid a negative ecological effects of agricultural production systems. Excessive application of fertilizers also affects the farmer's economy (Zubillaga et al., 2002) . Nitrogen (N) element is one of the most important nutrients that improve vegetative growth as well as yield and quality of all crops. (Nasim et al., 2012) .
Recently, a great efforts have been made by Egyptian scientists to use natural and safety substances in order to increase plant growth and productivity. In this concern, antioxidants have great effects on growth, yield and yield quality of many plant species (Al-Qubaie, 2012) . One of the most important antioxidants is citric acid which is presented in tricarboxilic acid cycle or malic acid conversion to citric acid. Nofal et al. (1990) found that, growth of cotton, corn, bean, pea and sunflower increased by organic acids external treatment especially succinic, citric and malic acids. Also, citric acid is considered as one of nonenzymatic antioxidants caused an increment in growth characters of sunflower plants, compared with untreated plants ).
Additionally, ascorbic acid (vitamin C) is a product of D-glucose metabolism that regulates plant growth and development (El-Kobisy et al., 2005) . Ascorbic acid also plays an important role in plant growth such as, regulation of cell division, photosynthesis, flowering, cell wall expansion and other developmental processes (Davey et Barth et al., 2006) . With regard to sunflower crop, Gamal El-Din (2005) found that ascorbic acid application increased plant height, stem and head diameters and seed yield/ fad. Also, ascorbic acid act as an important cofactor in biosynthesis of many plant hormones such as gibberellic and abscisic acids (De Tullio & Arrigoni, 2003) .
The main objective of this research is to determine the effect of different sources of nitrogen fertilizers with foliar application of ascorbic and citric acids as antioxidants in order to improve growth, productivity and quality of sunflower plants .
Materials and Methods
The present study was carried out at the Experimental Farm of Sakha Agricultural Research Station,31° 07 \\ N and 30° 57 \\ Kafr ElSheikh, ARC Egypt during the two successive summer seasons 2014 and 2015 to study the effect of different sources of nitrogen fertilizers and foliar spraying of some antioxidants on growth, yield and its components of sunflower (Helianthus annuus L.) cultivar Sakha 53. Soil samples were randomly taken from the experimental site at depth of 0 to 30 cm from soil surface and were analyzed for both physical and chemical characteristics according to Piper (1950) . The seeds were sown on 26 th of July in the two seasons using split plot design with four replicates. The main plots were devoted to three different sources of nitrogen i.e., urea (46.5% N), ammonium nitrate (33% N) and ammonium sulfate (20.5% N) at the rate of 30kg N/fad.While, sub plots were randomly assigned to antioxidants treatments i.e., spray with water as control , spray with 150, 300 mg L -1 of ascorbic acid and 250, 500 mg L -1 of citric acid were sprayed twice at 30 and 40 days after sowing.The plot area was 12 m 2 (3 m width and 4 m length), each plot contains 5 rows and seeds were sown by hand and the distance between hills were 20 cm. Two rows were used for growth analysis data and anther three rows were left for determining seed yield and its components. The plants were thinned to one plant per hill after 21 days from sowing. Other cultural practices for growing sunflower were conducted as recommended. According to soil analysis and sunflower fertilizer requirements, Phosphorus was appliedat a rate of 100 kg P/fad. using calcium superphosphate (15.5% P 2 O 5 ). 
Determination

Studied characteristics
Representative plant samples were taken randomly from the second and third row of each plot at the age of 35, 50 and 65 days after sowing to estimate the following traits:
1-Photosynthetic pigment content in leaves
The total chlorophyll pigments were determined by reading the absorbance on spectrophotometer at 664 and 647nm. Leaf samples were homogenized in N-Ndimethyl formamid and the concentration of photosynthetic pigments were calculated according to the equation mentioned by Moran (1982) :
The disc method was used according to Johanson (1967) . The cross sectional area of the punch used was (1.5) cm 2 and 100 discs were taken for all samples. Leaf blades were only used in calculating leaf area by using the areaweight relationship.
Yield and its components
At maturity five guarded plants were taken randomly from inner ridges and characters were recorded:
1-Plant height (cm) was recorded at maturity, stem diameter (cm) and head diameter(cm) were recorded from 5 plants which selected randomly and then averaged.
2-To calculate the average 100-seed weight(g), five samples were randomly taken from each plot and mean of weight was recorded.
3-Seed yield kg fad -1 heads of bagged plants from inner ridges of each plot were harvested and left two weeks until fully air dried and seed weight was used to estimate seed yield kg fad -1 .
4-Seed oil (%) was determined according to A.O.A.C. (1995) using soxhlet apparatus using petroleum ether as a solvent.
5-Seed protein (%) was determined according to A.O.A.C. (1995) and calculated by multiplying the N by the converting factor 6.25 (Hymowitz et al., 1972) .
The obtained data of the different treatments were statistically analyzed and comparison among means was performed by computer programming methods (statgraphics, v. 4.2 software) as described by Snedecor & Cochran (1982) .
Results and Discussions
Effect on Chlorophyll content
Different sources of nitrogen fertilizers have an important effect on accumulation of chlorophyll pigments in plants. The results summarized in Tables 2, 3 and 4 revealed that, nitrogen application significantly affected chlorophyll content at different growth stages during the two studied seasons. The greatest values of chlorophyll content (chl. a , chl. b & chl. a + chl. b ) were recorded with application of ammonium sulfate fertilizers. These results may be due to the role of sulfur element in synthesis of proteins, oils, vitamins, and flavoured compounds in plants. Also, it is a constituent of three amino acids Methionine (21% S), Cysteine (26% S) and Cystine (27% S), which are the building blocks of protein. This results are in harmony with Patra et al.(2013) .
It is evident from the data in Tables 2, 3 and 4 that spraying the plants twice with antioxidants significantly resulted in enhancing plant pigments in fresh leaves namely chlorophylls a & b and total chlorophylls in comparison to the control treatment. Using ascorbic acid at 300 mg L -1 effectively maximized chlorophyll content in leaves in comparison to the control during the two studied seasons. These results may be due to the positive effects of ascorbate in photosynthesis, growth, stress resistance, development and oxidative-stress signaling. These results are in line with those reported by Abd El-Hakim (2006) 
Effects on leaf area:
The data in Table 5 clearly showed that, the nitrogen sources affected significantly leaf area at different growth stages during the two growing seasons.Fertilizing plants with ammonium sulfate recorded the higher leaf area plant -1 at the three growth stages as compared with other nitrogen sources. These results may be due to ammonium sulfate containing sulfur element which is a constituent of succinyl Co-A which is involved in chlorophyll in leaves and their activation at cellular level accelerate photosynthesis which ultimately promote vegetative growth and leaf area. Similar results were reported by Ralsool et al. (2013) . 
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Additionally, exogenous application of antioxidants caused significant increase in leaf area at the different growth stages during the two growing seasons. The treatment of 300 mg L -1 of ascorbic acid recoded the highest leaf area plant -1 in comparison to the other treatment. These results may be due to both ascorbic and citric acidsare involved in the regulation of many critical biological processes such as and cell elongation (Noctor et al., 1998) ; many other important enzymatic and non-enzymatic reactions (Smirnoff, 2000) ; as well as in regulating plant growth and development, since they plays an important role as plant growth regulator which cause important effectson physiological processes in plants as cell elongation, cell division and cell differentiation which in turn reflected on plant leaf area (Athar et al., 2008) .
Effect on plant height
The obtained results in Table 6 revealed that, plant height was significantly affected by different nitrogen sources in both seasons. The application of ammonium sulfate produced significantly the tallest plants (177.3 cm) in the first season and (180.27 cm) in the second season respectively, followed by treatment with ammonium nitrate which produced plant height of (176.04 and 178.53 cm) in both seasons, respectively. Shortest plant height was obtained with urea (174.77 and 176.62 cm) .The increase in plant height with different nitrogen sources can be attributed to the fact that nitrogen as ammonium sulfate promotes plant growth, increases the number and length of the internodes which resulted in progressive increase in plant height. This resultsare in agreement with the finding of Abdel Gader (2007) in corn.
It is worthy to mention that significant differences in plant height were obtained with spraying antioxidants treatments.Plant height significantly increased with using the antioxidants rather than non-application (control).The tallest plants were obtained with ascorbic at 300mg L -1 during the two growing seasons. 
Effect on stem and head diameters
Data in Table 6 showed that, stem and head diameters were significantly increased in all treated plants during the two seasons. The thickest stem and biggest head diameters were noticed for ammonium sulfate followed by ammonium nitrate and urea. This increase may be due to application of nitrogen which promotes plants growth as well as cell division and elongation. Application of nitrogen fertilizers in the form of ammonium sulfate recorded the highest values of both stem and head diameters, this increase can be ascribed to the presence of sulfur which promote plant growth as reported by Elmar (2001) .
It is revealed from the data in Table 6 that applications of the two antioxidants caused a significant promotion on both stem and head diameters . In comparison to the control, applications of ascorbic acid at 300 mg L -1 is significantly effective in improving growth characters (stem and head diameter) during the two seasons. These results are in harmony with Al-Qubaie (2012) .
Effect on yield and its components
On the light of the present data in Table 7 different sources of nitrogen fertilizers have significant effect on 100 seed weight and seed yield. Application of ammonium sulfate recorded the greatest values of seed yield during the two growing seasons. Malik et al. (1996) reported that, to compare between effect of urea and ammonium sulfate on 1000 seed weight of Highsun-33cv.,all treatments with ammonium sulfate produced higher weight compared to the other treatment. Also, Toosi & Azizi (2014) recorded that Ammonium sulfate producedt he highest seed yield.
Moreover, the positive effect of ascorbic acid on growth parameters may be due to that, ascorbic acid has a stimulatory effect of many physiological processes, such as respiration activities, cell division and many enzymes activities as reported by Zewail (2007) , Bakry et al. (2012) and Youssef et al . (2015) . It also play an important role in regulation of photosynthetic carbon reduction (Helsper et al., 1982) . 
Effect on seed protein content
The attained results in Table 8 showed that, different sources of nitrogen significantly affected seed protein percentage in the two growing seasons. Ammonium sulfate treatment gave the highest protein % as compared with the other nitrogen fertilizers sources. Increasing of crude protein content may be due to the fact that, nitrogen often plays an important role in the synthesis of protein. These results are fully in line with the findings of Amin (2011) . Additionally, ammonium sulfate contain sulfur element which is an essential component of amino acids which are the building blocks of protein.
It is revealed from the data in Table 8 that applications of the two antioxidants caused significant promotion of seed protein content in the both seasons 2014 and 2015 with comparison to the untreated plants. The highest content of protein % was recorded by foliar spraying with ascorbic acid at 300 mg L -1 . In this concern, Talaat (2003) showed that foliar application of ascorbic acid has a positive effect on seed protein%.
Regarding, Sadak et al. (2010) demonstrated that application of α-tocopherol on sunflower plants led to the accumulation of total carbohydrates, stimulation of protein synthesis and delaying senescence of sunflower plants.
Effect on seed oil content
From the results in Table 8 , data indicated that application of different forms of nitrogen significantly affected seed oil content during the two growing seasons. The highest percentage of oil % was recorded with application of ammonium sulfate than other treatments . The increments in oil content due to ammonium sulfate application may be attributed to its promotive role in the formation of amino acids methionine (21% S) and cysteine (27% S); synthesis of proteins and oil content ofseeds (Jamal et al., 2010) .Also, sulfuris an important element for oil crops which a constituent of acetyl Co-A, is converted into maloyl Co-A in fatty acid synthesis and for this conversion an enzyme, thiokinase is involved (Rasool et al., 2013) .
Regarding, the antioxidant, data in Table 8 indicated that spraying sunflower plants with 300mg L -1 of ascorbic acid caused significant increment in oil content in comparison to the control (untreated plants) during the two growing seasons. The oil percentage in the first season was (46.06% ) and in the second season was (46.57% ) for that treatment. In this finding, our results are in good agreement with those obtained by Gamal El Din (2005) who reported that ascorbic acid significantly increased oil percentage of sunflower seeds. The increase in oil % with vitamin treatments might be attributed to the acceleration of the biosynthetic pathway of linolenic acid (Joshi et al., 1998) .
Conclusions
The findings clearly showed that, form of nitrogen is an important tool for increasing seed yield and seed quality. Ammonium sulfate recorded to improve yield and its components . Additionally, based on the results discussed it could be concluded that foliar spraying of antioxidants have an enhancement role in growth, yield and seed quality of sunflower plant. So,we can recommended to use nitrogen in the form of ammonium sulfate with foliar spraying of 300mg L -1 ascorbic acid.
